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SPINNIHG CHARACTERISTICS OF WINGS

17 - CHAliGES IN STAGGER Ol? RECTANGULAR CLARK Y

By M. J. Bamber and. Il. O, House

SUMHARY .-—

Rectangular Clark Y biplane cellules havingo.zero anfi
-0.25 stagger, the gap equal to the chord., and O dec9.J.age
~ere tested on the N.A.C.A,. spinning balance in the 5-foo~
vertical tunnel. The aerodynamic characteristics of the
mod~ls and a prediction of th~ angles of sideslip for
steady spins for airplanes u-sing th&so win% “arrangements..—.—-

are gi~on. There is include& an estimation of the y-awing
moment t’hat nUSt ho furnished by parts of the airplane
othor than tha winE to balance tha inertia couples aid -wing
yCawing moments for spinning equilibrium. The effects on ‘= ‘-”
the sgin of changes in sta:ger %ad of variaiion in Sorno‘qf
the important parametor8 are &iSCUSSOd and the- rosul%s ‘ai-e
compared with those for a sinilar biplane CO11U1O with 0.25
positive stagger tested earlier.

It is concludod that, with tho va.luos of stagger con-
sidered, for ~ con~~ntional biplano ~~~ing equal upper rUld
lower rectangular Cl,ark Y wings, gap equa”l to” tho chord, ● ‘-
.nnd zero decale.go: Tho ai.rplano will generally spin with
inward sidoslip, ~hich, in SOmO cases, may Gxcoi?& 20°; for
.anglcs cf attack through 50°, the sideslip generally will
%ocome more inward. as the stagger %ocomos more nogativo
and, for an angle of nt%ack of-70° ,and sometimes of 60°,
the inward sideslip will bocomo loss as- tho stagger %ocomes -
more nogativo; the value of ctaggor f~r tho host spinning

—

c-hara.ctcristi,cs will vnry ]~ith dii’foront types of tiirj~anes;
the prov-ision of m yawing-nomcnt coefficient of -0.025 (i.e., +

.

opposing the SYin) by the tail, fusol.age, an-d interfcronce
effects will prcvc~t equilibrium in- ,a-steady spin for the 4
vnlues of stafi~er tested tind with any of the pEr&m6ters
used in t’he analysis; mnd too nuch reli~ce shg.Q.d not %$3
placed on tail arrav~ nent for preventin~ bad spinning
characteristics.

.
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INTRODUCTION .

●

In order to provide necessary aerodynamic data for es-
timating airplane spinning characteristics from the design
features, the N.A.C.A. is conducting an investigation to
determine the aerodynamic characte’rfstics of airplane nod-
els and parts of airpl~e models in spinning attitudes.

The portion of the investigation to determine the
spinning characteristics of wings, for which the N.A.C.A.
spinning balance is being used, includes a study of the ef-
fects of variations in airfoil section, plan form, and tig
shn.pe of nonoplane wings and variations in stagger for bi-
plane cellulcs. The first and third series of tests re-
ported mere made of Clark Y nonoplane wings with rectangu~
lar plan forms, with square and rounded tips, and with a
5:2 tnperod wing having rounded tips (ref~rences 1 and 2).
The second saries, made of a rectangular Clark Y biplane
cellulo with 0.25 stagger, is reported in reference 3.

The present report is a continuation of reference 3
and gives the aerod,ynaw,ic characteristics., in syinning at-
titudes, of a rectangular Clark Y biplane cellule with the
gap equal to the chord, zero decalage, and with zero and.
-0.25 stagger. Also included are coupari~ons with the
cellule having 0.25 positive stagger.

.

.

I
APPARATUS AND MODELS

The tests were made on the spinning balance in the
N.A.C.A. 5-foot vertical wind tunnel. The tunnel is de-
scribed in rc+foronco 4 and the six-component spinning bal-
anco in rcfarcnco 5.

The Clark Y wings were made of laminated mahogany
with balsa insets for lightness. .The span of each wing is
so “inches and the chord is 5 inches. These wings had been
used for the tests in reference 3; the only change in the
cellule was new strut bracing to give the desired amounts
of stagger. FigRre 1 is a sketch of the nodel showing tho
bracing, balance attachment, and staKger. Figure 2 shows
the modol (-0.25 stagger) mounted on the spinning balance.

,
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TESTS

In order to ‘cover the probable sptnning range tests
were made at angles of attack of 30~fl.40°, 50°, 60~, an ii
70°. At each angle O; attack test-s were ‘made with ~~lues”
of f2b/2V of 0.25, 0.50, 0.75, and 1.OO. At each angle
of attack and at each value of Qh/ 2V tests mere made at
sidesli.p angles of -50, 0°, 5°, 10°j and 15° for the cel-
lule with zero stagger, and at Oo (a “=”70° only), 5°, 10°,
150, and 20° sideslip for the cellule with -0.25 stagger!
The angles of attack an”~ of sideslip were measured in-the.
plane of symmetry at the quarter-=chord. point of the upper
Wing, which was also the center of rotation for all tests.
Because of variations in individual balance readings; at
least ono repeat test was made for each condition and an
average of the individual measurements was tised to compu%-~
the coefficients.

!Tho tunnel air speed was 70 feet per second for tests

with ~ n-b= 0.25 and 0.50, 56 for ~v = 0.75, and 42 for

&lJ
. 2-V

= 1.90. The Reynolds Number was LL%out 180,000 for tha

highest air speed and about 137,000 for the lowest. Pre-
vious tests showed no approciahlo change in scale effects.
for this range.

RESULTS AND DISCUSSION

The data were converted to coefficient form by means
of t’he following relations: :.

cm=~
q%s

NCn =“—
q~s _“ ._

All coefficients are stanfard N.A.C.A. form except Cm,

which is based on the span rather than on the chord and:
may be converted to the stand4rd l?.A.C”.A. form by mult5-
plyin~ by 6. All coefficients are given with “the “converi-’
tional signs for right spins (reference 1).-... -.

..-

.-

—

.
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The coefficients of longitudinal force in the earth
systen of axes Cx II and of all six components of tha

forces and moments in the body system of axes are given in
tables I and 11. Sample” curves of c~ II, CT, Cm, and en

are given in figures 3 to 6.
—

The data and attitud-es are given for the qu~rter-chor~
point on the lower surface of the upper wing at zero radi~
ns. The coefficients in body axes may he converted to anY
other point of rotation in the plane o-f symmetry by fiho
fo~lowing relations. The converted coefficients are indi-
cated by the subscript .1.

and

whore x is the distance forward (positive) of the nQ~T
cent~r of rotation from the quarter-chord of the
upper wing.

—

-1

.

z, the distanco of the new center of-rotation below
(positive) the lower surface of the upper wing.

l), the span of the ving.

.—
.

.

V1 a~r ~-() ()2zp m ,--- =
v

sin $ -1-——-
bfl -57 - Z-H ZV

.

.
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Fi= Cos al Cos p

i!+= sin p

“5

.. ,.. —

An analysis was mado with the data converted to the
quarter-chord point mid]Tay betucen the wings of the biplarie
(roforencc 3). Tho F.nalysis showed. that the sideslip re-
quirod VaS gcaor~.lly shout 2° less than it was for the
original data. In other details tho variations were quite, “- .:
similar.

The data are believed to bo correct to within tho fol-
lowing limits:

Cx,,, *0.02; Cx ‘ +0.02; Gy, +0.01; Cz, +0.02;

CT , +0.’301; cm, +0.002; Cn, +0.001

l’?ocorrections havo been made for the effects of jot
boundaries, scale, or interference of the balance, struts,
or bracing system. —.

Generally, ‘x“ decreases as the stagger decreases

(fig. 3), Th5s result may normally be expected. because of
the blanketing of the upper wing by the lower wing. The ~
variation of CT with stag~or changes sign with increaso ‘“””
of anglo of attack (fig. 4), Il?llevalues-of,<Ct ~{ ~oo an-

gle of attack,,are more p~siti~o for the- ncga~ive stagger,
and at 70° angle of attack aro more positive for the posi-
tive stagger. The changes in cl with””f2b/2V aro irreg-”
Ular. The values of Cm increase as the stagger decroasos
(fig, 5). part of this increase iS duo to measuring the
moments d%out a fixed point on the upper wing so that de-
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creasing the stagger means moving the lower tvfn
7

forward
with respect t-o this fixed point. (See fig. 1. The val-
ues of Cll arc small and show no general tcndoncy to
chanEe with the st”agger (fig. 6}.

ANALYSIS

An analysis of the data was made to show the Qffect@
of certain parameters on the steady spinning characteris-
tics of w airplane using these types 0$--biPlan~ cellu~~-
The method of analysis yith the assumptions used and the..
errors involved is given in reference lo For convenience
the method of analysis is briefly described.

Formulas used in the anal:~sis.-..———..—— ————

[

-.—--- .——

Ql) . - cm h2.._. —— .—
Tv – x ~za3.84 w sin am - kXa

+- 1.02

( )W - ~x2

Cn = c~ cot a -–;
k~ m kya

(1)

(2)

.

-—
‘

—

-.

.

:

(3)

~aramoters.- Because the wing loading, aspect ratio,
radii of gyration, and pitching moments are mostly depend-
ent’ upon the characteristics of the particular airplane!
values of theso variables covering the ran~e for normal
biplanes have been used in the analysis. A mean of those
values was choson that gave tha following parameters:

.

Relative density of tho airplane t-oair

( w rl
!JJ=— ) 5gpl)s= -S’ M =

●�✍

1 r ,
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Pit ing-moment in tia parameter, b=

kza- ~x=
80

.

Rolling- momen t and yawtng- moment inertia parameter,

- “kya

. &
1.0 —.

Slope of ass,umed pit ching- moment cur ve for the com-

plete airpl
.- Cm——
a - 20°

0 0020aae ●

Lift coefficient CT
.-l

CX’11 from data

of the parameter s was
there

whi

the p

and 1

varied, one ata
the
o

en

time ,
mean
Cx,r f

are :

the
-wit

all

riean value while all o were
ch wa

kept at
,s equal th the on of cL,

cases. The values of arameters cho s . .
—

2.5, 5.0, 7*5, 0.0

b2
60, 80, 100 and 120

——.

,.

1.5,0.5, 1.0, and 2.0

.

-cm——.
c1 - 20°

=. 0. 0010, 0.001,5, 0.0020, 0.0025 an a o ,0030.

ings
The
of c

The

varia
onven

tions in ~.
tional biplan

include
.0s.

the

and

range of wi ng load-

kz2 - kya

k z= - &
variations

‘2
II

kza - kXa
in covek

.
the r given in reference 6 for 11 airpl .anes. The se

—

Ti’-—--
$3(C

I)a
--A)

~“- B“
C-A’

parameters may

tively, where

be written and spec-
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A = mlsXa, the moment of inertia about the X axis

3 = mky~, the moment of inertia about the Y axi.e.

G = mkza, the moment of inertia about the z b-is.

Uethod of ana.lysi~.- The value of Slb/2V was computed.——.— ._
for each angle of attack using ~quation (1). Tho aerody-
namic rolling-moment coefficient required for spinning
equilibrium was computed .fo~ all values ofl a alld P
tested using equation (,2).” The values of Cm and W wc4rf3
those used in equation (l). In order to o%tain values of
Cb (CL = Cxll), values of Cx II, determined from the tests,

were plotted against f2%/2V and, by interpolation, values
of c~ll at the values of--Qb/2V computed from equation

(1) were found. By means of simtlar interpolation, values
of cl

:
wore obtained; a correction of 0.Q2 was added to !

‘2 to give C,
b .avaLlable . The values of cl cvail,able

r.nd of .Ct required, as Sound by the preceding methods,
were ylotted against P, the points o_f i.ntersect.iQn of
the two sets of curves giving values .of .;l

—
a~d P, for–” .

each angle of attack, at which all forces and moments ex-
cept yawing momeuts are in equilibr-ium~ _.

,

Values of Cn required to balance the inertia yawing
moments were calculat~-t”from eqtiaiion (3); using for ct

—

the value fmund for the equilibrium condition, The value
of Cn furnished by the wings was the Cn of tho te~ts
corrected by adding 0.006. By tke subtraction of this
value of Cn from the value ‘of Cn required as found by
equation (3), tho value of Cn was found that- must bo
furni~hed by the remaining parts of the airplane, fuse:
lage, empennage , an& .Interfcrenco- effects,

—
to””give equ$-

Iibrium in a steady spin at the giyen angles of attack. —

Scale-effect corrections to cl (Act = 0.02) and to
Cn (ACn .= 0.006) havo been found necos~ary from com~ari-
sons of model with full-scale data and are discussed fn
reference 5. -.

~~,~cussioti gf results of. analysis.- The angles of
!

.——___ .—
sideslip -required for a balance of rolling moments and the

—

values of” Cn that must be supplied by parts of the air- i—

.
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.,
. . ,,,

plane to balance the inertia couples and wing yawing mo-.
ments are”plotted, against the parameters in.figures 7“ to
14. The r’es”ults‘for the 0.25 stagger are” included for
.,comparison.

,. .—
.. . ,.

The effect of-the v~rious parameters on.tho sideslip
required for equilibrium of rolling moments depends on.the
angle. oi attack.and on the amount of stagger (figs. ‘i’to
lo). l?o~ 50° angle of attack and below, the si,deslip is
always inward ariq, Oxcept for two ‘cases, is never lf3ss
than 6°? goa~rally increasing as the stagger decreases
(changes in a direction from positive to negative). For
an angle of attack “of 70° and, sotietimes, of 600”, p ae-
creases as the stagger ,decreases? arid for some parameters
the side slip may lsecome’ovtward. .—

.

“The effect of stagger on Cn required is small. .(See ‘

figs* 11 to 14,) The Cn required tends to change in ~he
direction’ from positivo toward nogati?e as the stagger $n-
creases. The variation of Cn required with tho pa,ram6-

~ cm
ters ~—— ha” ““

9 w, and —— is usually small, the
CrJ- 20° . .k~a.- kX2, .,

maximum negative value of .Cn required being less than

kZ= - ky2
-0.016. The Cn required decreases as ——— in-. . kZa - kX=.

creases, the extreme values being 0.013 and AO.023.
,..

Predict’ion of sEinn~g charzcterigt~~~. of an airnlane—.- ———_____ ___
~rom the analysis.. Prediction of the spinning characteris-.
tics of an airplane in which any of these biplane comhina-
tiOIIS is used Ia,rgely depends upon the aerodynamic ya~inge-

mome.nt characteristics of %Iie particular airplane, The
value ‘of Cn required’, as’ given in-this report, is-numer-
ically equal and of opposite sign “to the sum of the win”g
yawing moments and the inertia couples. At any afigl~~f
attack, when this valuo of Cn “ is supplied by thk-empen-

..—

tiage, “fu’solage,’and interference effects, a steady spin
will result provided that the equilibrium ,is sttibl”e;fOr
any other value of Cn the qirplane will””’notispin at”””%hat “-
attitude. In order to insure against spinning in any atti-

-—-.

tude ,. a value of Cn opposing the spin must be provided””
that is larger than any attainable value of Cn required,
The yawing moment supplied by the empennage, fuselage, and

. .. .
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interference effects depends upon the sideslip; the size
and slnpo .of the fuselage and tail surfaces;

.
the location

of tho horizontal tail surfaces with respect to the fuse-
lage, fin, and rudder; the amount of fin area ahead, of
the center of grayity; the interference effects botweon
the wings and tho rest of the airplane; an& tho limits of
control movement~- Data on sorie’of these effects aro re-
portod in reference 5..and in ref””erences 7 to 12.” The ge-
ometry of the spin indicates that the vertical tail sur-
faces’ should become more e$fective in producing o,yawing
moment-opposing the spin as the rat-e of rotation increases
and the sideslip decreqses. Fin area ahead of the center
of gravity will give yawing moments opposing the spin if
the sideslip is inward. (See reference 11, fig. 2.)

If the effects of sidesli.p on the yawing moment sup-
plied by the fuselage, empennage, and interference eff~c~s

—.

are not considered, for values of stagger tested a %iplane
with ne”gative stagger will generally have a slightly small-
er yawing moment than one with positive stagger. Wh6n

k ~2 A ky2
-–~——~ < 1 (weight of the airylane distributed along

.—

kZ . &x

the fuselage, A < B), t-he Cn required opposing the sgin .
I

kzs - kya > I (Weig
will %0 smallest. When ht of .$he air-

k~a” - kXa
.-

.,

plane distributed along the wings, A >B), the Cn re-

quired opposing the spin will be large and the airplane
may be expected to spin flat and recoveries. w~ll--probably
be more difficult.

The effects of sideslip on the yawing moments pro-
duced by the. tail and fin area indicate that, with largo
inward sideslip, the “vertical tail surfaces would be very
ineffective and large amounts of.fin ares, ahead of the
wing would be benef3.cial. In some cases the “inward sido-
slip at the center of gravity may be large enough to mq.ko
the sidoslip at the tail inward, in whfah case the tail
and the fuselage %ohind the center of gravity would furnish
yawing rnomonts aiding the spin. It follows that tyo gen-
eral methods of preventing a dangerous spin might bo con-
sidorod.

Tho first method is to design an airplane that will
attain. spinning equilibrium wit-h as small an amount of in-
ward sideslip as possible so that the” roar part of the

.
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fusc~ago and the tail surfaces will have ;aximum offectivc-
noss. A tail with a large unshioldcd vertical fln area
mill then givo the maxirnm obtainable yawing momont oppos-
ing tho spin, A large diving nonont, a small valuo of —

32.—.—— -
a9 a large value of wing loading, and a largo

kz2 - kx —

kza M kya
Valuo of —— arc factors giving the smallest . .—

k Z2 - kxa

amounts of inward sideslip, although the large values of

k Za - kya— -———— also give relatively large values of .Cn re-
kza - kxa

quired opyosing the spin.

The second method is based on the assumption that an.
appreciable yawing moment opposing the spin maY be set uP
by fin area ahead of the center of gravity (reference 11).
This yawing moment would be expected to increase as the
inward sideslip and the vertical fin area ahead of the
center of gravity increase. The airplane should then be
designed with the maximum possible vertical fin area ahead
of the center of gravity; and, to obtain maximum inward
sidoslip, a small diving momont , a large value of -

b2
-. —

-.—.— lightly loaded wings, and a small va~UO Of
kZ2 _ kXa’

kz2 . ~y2 .
—— .

a-
kza - ‘x

A good tail arrangement. i.e.. onc with a large un-
shioldo~ fin aroa$ may-not
cause, for some cases, the
zero or inward, which will
of zero or even aiding the

always prevent flat spins bo-
sideslip at the tail may be
result in a tail yawing moment
Spill.

CONCLUSIONS

On the assumption that the arbitrary constants added
to the rolling-moment and yawing-moment coefficients are
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of the right order of magnitude, the following conclusions
.

are indicated by the analysis presented for a conventional
biplane wfth~ctangtilar:Claik Y tiings having 0.25, zero,
and -0,25 stagger, gay equai ~o”~he “chorm, and 0° decalage:

10 The value af the yawing-moment coefficient re-
quired from the fuselage, tail, and interference effects
for steady spinning equilibrium at any angLe of attack is
small ud nearly always negativo (opyosing ~he rotation)
throughout the range investige,tod, — ...

20 Tb.e maximum value of the yawing-moment coeffi-
cient that must be supplied ly all parts of” the airplane.
other than the wings and inertia couples to prev;nt spin-”
ning equilibrium at any angle of attack is Cn = - 0.025.

“
,)0 The value of stagger for the lest sp.$nni.ng char-

acteristics varies with d~fferent t-Jpes of airplanes.

4. At some angles of attack, the invard sideslip
will %e very gre~t (more than 20°) so that even good tail
arrangements may have little- effect in preventing a dnn-
gerous spin; fin area ahead of the wings wilh.bc %enefi-
cial. .

5. The angle of,attack at which the rnaxi?nu_minward
~ideslip occurs decreases ,1s tho stagger changes from pos-
itivo toward negative. l?or angles of att-ack through 50°,
the sidesliy generally becomes snore intyard as the stagger
becomos more negative, thQ opposito hei.ng true at 70°. an-
gle of attack, with tho trrmsition t~lzing placo at somo
inkermqdi.atc angle of attack.

.

,,

..
—.

60 !I!oomilch reliance should not bo placed On tail
arran~ement for preventing bad Syinning ch.zracteri~tics.

Ln,n.gloyMomorial Aeronautical Laboratory,
Na,tional Advisory Committeo for Aeronautics,

Langley Field, Vo,., Octobor 19, 1937.
I
I

.:

I
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.’
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